
DEMODULATOR, RECEIVER, AND COMMUNICATION SYSTEM 

FIELD OF THE INVENTION 

The present invention relates to a demodulator used for 
5 radio communication such as mobile communication and mobile 
satellite communication. More specifically, this invention 
relates to a demodulator using differential PSK (Phase Shift 
Keying) modulation and multiple differential phase detection. 
This invention also relates to a receiver and a communication 
10 system that make use of the demodulator of the present invention . 

BACKGROUND OF THE INVENTION 

First, a conventional demodulator will be explained. 
Fig. 10 is a diagram showing a structure of a prior demodulator 

15 (corresponding to a multiple differential phase detector 500) 
disclosed in "Differential Detection Scheme for DPSK using 
Phase Sequence Estimation" (Institute of Electronics, 
Information and Communication Engineers, Technical Report, 
RCS98-102, January, 1993). 

20 The conventional demodulator comprises, a multiple 

differential phase detector 500 for generating/outputting 
demodulated data from a received signal , a 1 symbol differential 
phase detector 510, a multiple symbol differential phase 
detector 520, and a Viterbi sequence estimation unit 530. A 

25 receiver (not shown) that makes use of the multiple differential 




phase detector 500 , a Viterbi decoder is provided which decodes 
demodulated data using Viterbi algorithm, and generates decoded 
data . 

The 1 symbol differential phase detector 510 comprises 
5 following components. Namely, a delay element 511 stores the 
received signal of 1 symbol before, and a phase comparator 
512 obtains a phase difference between a current received signal 
and the received signal of 1 symbol before and outputs a 1 
symbol differential phase detected signal. The multiple 

10 symbol differential phase detector 520 comprises following 
components. Namely, delay elements 521-1 , ***, 521- (N-l) store 
past 1 symbol differential phase detected signals, and adders 
522-1, •**, 522- (N-l) obtain a sum of 1 symbol detected phases 
output from the delay elements 521-1, 521-(N-1). 

15 Operation of a transmitter will be explained here in 

simple manner . In the transmitter , transmitted data a^ { -1 , 1 } 
are subject to convolutional coding, and convolutional-coded 
data di are output. For example, when the coding rate of the 
convolutional code is considered be 1/2, the 

20 convolutional-coded data can be represented by [di = (Pi,Qi) : 
Pi,Qi e {-1,1}] . The output convolutional-coded data (P±,Qi) 
are converted into transmission differential phase A0i = 
F(Pi,Qi). For example, when differential QPSK (Quaternary 
Phase Shift Keying) modulation is adopted as the modulation 

25 method, the conversion rule F can be represented as shown in 



Fig. 11. 

Then, transmission signal phase of 1 symbol before 6 
i_i and the converted transmission differential phase A0 i are 
added according to the following recurrence equation (1) to 

5 generate the current transmission signal phase 6 L , and this 
phase is then output. 

d-=d-^ + Ad. x (D 

Further, the phase is modulated according to the output 
transmission signal phase d ir and a signal whose phase has 

10 been modulated is output as a transmission signal. 

Operation of the receiver having the multiple 
differential phase detector 500 shown in Fig. 10 will now be 
explained. Received signal is input into the delay element 
511 and the phase comparator 512 of the 1 symbol differential 

15 phase detector 510. The delay element 511 holds the received 
signal of 1 symbol before and inputs it into the phase comparator 
512. The phase comparator 512 compares a phase of the current 
received signal and a phase of the received signal of 1 symbol 
before and obtains a phase difference of the signals and output 

20 a 1 symbol differential phase detected signal as the result 
of comparison. 

When the phase of the received signal at time i is taken 
as <£i, the 1 symbol differential phase detection signal A 
0 d)i output from the phase comparator 512 is represented by 




the following formula (2) . 

^</'(i)i=</'i-</'i-i (2) 

That is, the 1 symbol differential phase detected signal 
A0 d)i represents a difference in phase of the received signal 
5 for 1 symbol cycle, and when noise and fading do not occur, 
the value is equal to the transmitted differential phase A 

0 i. Since the value of the transmitted differential phase 
A0 i is determined by transmitted data ai as mentioned above, 
transmitted data can be estimated by using the value of the 

10 1 symbol differential phase detected signal A<p {1)L . 

The 1 symbol differential phase detected signal A</> ( i)i 
output from the phase comparator 512 is input into the delay 
element 521-1 of the multiple symbol differential phase 
detector 520 . The delay element 521-1 gives a delay of 1 symbol 

15 cycle of the received signal to the signal A</j (1)i . The output 
of the delay element 521-1 is input into the adder 522-1. The 

1 symbol differential phase detected signal A(p output from 
the phase comparator 512 is also input into the adder 522-1. 
That is, the adder 522-1 .adds the 1 symbol differential phase 

2 0 detected signal A <p a)i and the output A (J) uu-iof the delay element 
522-1. 

Therefore, when the output (sum of a changing amount 
of delay) of the adder 522-1 is taken to be A<p (2) i, then the 
formula (3) holds. 

4 
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zd(/' (2) i=Zl(/' (1)i +Z](/' (1)M 
= ^l"-^l-2 



(3) 



That is, the output A</> (2 )i of the adder 522-1 becomes 
a 2 symbol differential phase detected signal representing 
a difference amount of phase for 2 symbol periods of the received 
5 signal. 

Total (N-l) units of delay elements 521-1 f 521-2, 

521- (N-l) are connected in parallel. The m-th (m=2 , N-l) 
delay element delays the output of the (m-l)-th delay element 
by an amount which is equal to the 1 symbol period of the received 

10 signal before outputting. Therefore, the output of the m-th 
(m-1, 2, N-l) delay element will be A<£ ( i)i_ m . 

Further, total (N-l) units of adders 522-1, 522-2, 

522- (N-l) are connected in file. The output of the (m-l)th 
adder is input into the m-th (m-2, **, N-l) adder. Moreover, 

15 the outputs of the delay elements 521-1, 521-2, 521- (N-l) 

are also input into the adders 522-1, 522-2, 522- (N-l). 

That is, the m-th (m-2, N-l) adder adds the output of the 

(m-l)th adder and the output of the m-th delay element and 
outputs the result. 

20 Therefore, when the output of the m-th (m-2, N-l) 

adder at time i is taken to be A(J) (ra+ i,i, then the formula (4) 



holds . 
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^ 4> (m+1)i = A ip (m)i + A ip (1)i . m 

= ^ < /'(m)i+ (</' i-m —( /'i-m-l) 



(4) 



Formula (4) is a recurrence formula about A0 (m)i . When 
this formula is solved, the formula (5) is obtained. 

m 

A ^(m+1)i=^ ^(2)1+ £ ^i-j-^i-j-l) 

'" 2 (5) 

— A ip (2)l + ^i.2~^i-m-1 

= 0i — <Ai-(m + 1) 

That is, the output value A<£ ( m +i)i of the m-th (m-2, **, 
N-l) adder becomes a (m+1) symbol differential phase detected 
signal representing a difference of phase for (m+1) symbol 
period of the received signal. Thus, 2, 3, , N symbol 
differential phase detected signals are output from the total 
of (N-l) adders 522-1, 522-2, 522-(N-l). 

The multiple symbol differential phase detector 520 
combines the total of (N-l) differential phase detection 
signals A0 (2 )i, A<£ <N)i and the 1 symbol differential phase 

detected signal A& il)L output from the phase comparator 512, 
and generates multiple differential phase detected signals 
A</?i = (A0 ( i)i, A0 ( 2 )i, , A0( N) i) . The number N of the multiple 
differential phase detected signals is referred to as a maximum 
delay symbol number. 



The Viterbi sequence estimation unit 530 estimates a 
transmitted differential phase sequence according to known 
Viterbi algorithm using a trellis diagram representing state 
transitions composed of a combination of (N-l) transmission 
5 differential phase signal points. Precisely, for example, 
whenM-PSKmodulation is used on the transmission side , replicas 
of 1 , 2, ••*, N symbol differential phase detected signals are 
assumed for M N state transitions . Branch metric is calculated 
for all the state transitions on the trellis diagram based 

10 on the multiple differential phase detected signals A^i = (A 
<P mi, A0 (2 )i, , A(p (N)i ) . 

Thereafter, the Viterbi sequence estimation unit 530 
executes addition and comparison (ACS: Add-Compare-Select) 
based on the Viterbi algorithm, and selects survival path 

15 metrics for each state, and stores the selected paths into 
an internal path memory (not shown) and updates the pathmetrics . 
Hard decision is made for a bit corresponding to a path where 
the path metric finally becomes minimum/maximum, and 
demodulated data as the hard decision result are output from 

20 the differential phase detector 500. 

A Viterbi decoder (not shown) on the receiver side decodes 
the demodulated data of the hard decision using the known Viterbi 
decoding method, and outputs the decoded data. Here, as the 
Viterbi decoding method, for example "Coding Theory" written 

25 by Imai Hideki , the Institute of Electronics, Information and 
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Communication Engineers (1990) (in Japanese) may be used. 

The conventional demodulator, namely, the multi 
differential phase detector outputs demodulated data obtained 
by the hard decision, and the Viterbi decoder of the receiver 
5 reproduces original transmitted data using the hard decided 
demodulated data. 

However, in the conventional demodulator, since the 
multiple differential phase detector outputs the demodulated 
data according to the hard decision, namely, since an input 
10 into the Viterbi decoder is the hard decision value , a correcting 
capability of convolutional codes cannot be drawn out 
sufficiently as compared to the case where the input into the 
Viterbi decoder is a soft decision value. 

15 SUMMARY OF THE INVENTION 

It is an object of this invention to provide a demodulator 
which is capable of outputting soft decision data , anda receiver 
and a communication system having the demodulator which are 
capable of drawing out the correcting capability of the 

20 convolutional codes sufficiently and realizing a satisfactory 
bit error rate performance. 

In order to solve the above problem and achieve the above 
object, a demodulator of the present invention comprises a 
multiple differential phase detected signal output unit for 

25 calculating phase differences between a received signal and 




received signals of 1, 2, ***, N (where N is an integer greater 
than 2) symbols before so as to output the calculated results 
as 1, 2, N symbol differential phase detected signals; and 
a soft decision demodulated data estimating unit which 
5 estimates a transmitted differential phase sequence according 
to the 1,2, . . . , N symbol differential phase detected signals 
using a trellis diagram representing transitions of 
differential phase states of transmitted signals and Viterbi 
algorithm, and estimates soft decision demodulated data 

10 according to the estimated transmitted differential phase 
sequence and survival path metric that transit into each state 
on the trellis diagram. 

Further , in the soft decision demodulated data estimating 
unit, a bit corresponding to the differential phase composing 

15 a state having minimum/maximum survival path metric on the 
trellis diagram is hard decision data, a difference between 
a survival path metric that transit into a state having 
minimum/maximum survival path metric and one that transit into 
another state which has minimum/maximum survival path metric 

20 in the states composed the differential phase corresponding 
to the bits obtained by inverting the hard decision data are 
used as components is reliability information of the hard 
decision data and the soft decision demodulated data are 
generated according to the hard decision data and the 

25 reliability information. 



The demodulator according to next invention comprises 
a multiple differential phase detected signal output unit for 
calculating phase differences between a received signal and 
received signals of 1, 2, ■•*, N (where N is an integer greater 
5 than 2) symbols before so as to output the calculated results 
as 1, 2, N symbol differential phase detected signals; a 

power detection unit for detecting a power of the received 
signal; and a soft decision demodulated data estimating unit 
which estimates transmitted differential phase sequence 

10 according to the 1,2, . . . , N symbol differential phase detected 
signals using a trellis diagram representing transitions of 
differential phase states of transmitted signals and Viterbi 
algorithm, and estimates soft decision demodulated data 
according to the estimated transmitted differential phase 

15 sequence, survival path metric that transit into each state 
on the trellis diagram and the power. 

Further, in the soft decision demodulated data estimating 
unit, a bit corresponding to the differential phase composing 
a state having minimum/maximum survival path metric on the 

20 trellis diagram is hard decision data, a difference between 
a survival path metric that transit into a state having 
minimum/maximum survival path metric and one that transit into 
another state which has minimum/maximum survival path metric 
in the states composed the differential phase corresponding 

25 to the bits obtained by inverting the hard decision data are 

10 



used as components is multiplied by power so that the multiplied 
result is reliability information of the hard decision data 
and the soft decision demodulated data are generated according 
to the hard decision data and the reliability information. 
5 The demodulator according to next invention comprises 

a multiple differential phase detected signal output unit for 
calculating phase differences between a received signal and 
received signals of 1, 2, N (where N is an integer greater 
than 2) symbols before so as to output the calculated results 

10 as 1, 2, N symbol differential phase detected signals; a 

power detection unit for detecting a power of the received 
signal; a p-multiplying unit for multiplying the power by p; 
and a soft decision demodulated data estimating unit which 
estimates transmitted differential phase sequence according 

15 to the 1,2, . . . , N symbol differential phase detected signals 
using a trellis diagram representing transitions of 
differential phase states of transmitted signals and Viterbi 
algorithm, and estimates soft decision demodulated data 
according to the estimated transmitted differential phase 

20 sequence, survival path metric that transit into each state 
on the trellis diagram and the p-multiplied value of the power . 

Further , in the soft decision demodulated data estimating 
unit, a bit corresponding to the differential phase composing 
a state having minimum/maximum survival path metric on the 

25 trellis diagram is hard decision data, a difference between 




a survival path metric that transit into a state having 
minimum/maximum survival path metric and the one that transit 
into another state which has minimum/maximum survival path 
metric in the states composed the differential phase 
5 corresponding to the bits obtained by inverting the hard 
decision data are used as components is multiplied by the 
. p-multiplied value of the power so that the multiplied result 
is reliability information of the hard decision data, and the 
soft decision demodulated data are generated according to the 

10 hard decision data and the reliability information. 

The receiver according to next invention comprises a 
multiple differential phase detected signal output unit for 
calculating phase differences between a received signal and 
received signals of 1, 2, ■", N (where N is an integer greater 

15 than 2) symbols before so as to output the calculated results 
as 1, 2, *••, N symbol differential phase detected signals; a 
soft decision demodulated data estimating unit which estimates 
a transmitted differential phase sequence according to the 
1,2, . . . , N symbol differential phase detected signals using 

20 a trellis diagram representing transitions of differential 
phase states of transmitted signals and Viterbi algorithm, 
and estimates soft decision demodulated data according to the 
estimated transmitted differential phase sequence and survival 
path metric that transit into each state on the trellis diagram 

25 and a decoding unit for decoding original transmitted data 



based on the soft decision demodulated data. 

The receiver according to next invention comprises a 
multiple differential phase detected signal output unit for. 
calculating phase differences between a received signal and 
5 received signals of 1, 2, **•, N (where N is an integer greater 
than 2) symbols before so as to output the calculated results 

as 1, 2, , N symbol differential phase detected signals; a 
soft decision demodulated data estimating unit which estimates 
a transmitted differential phase sequence according to the 

10 1/2, . . . , N symbol differential phase detected signals using 
a trellis diagram representing transitions of differential 
phase states of transmitted signals and Viterbi algorithm, 
and estimates soft decision demodulated data according to the 
estimated transmitted differential phase sequence and survival 

15 path metric that transit into each state on the trellis diagram; 
an interleaving unit for interleaving the soft decision 
demodulated data according to a predetermined algorithm; and 
a decoding unit for decoding original transmitted data based 
on the soft decision demodulated data after interleaving. 

20 The receiver according to next invention comprises a 

multiple differential phase detected signal output unit for 
calculating phase differences between a received signal and 
received signals of 1, 2, N (where N is an integer greater 
than 2) symbols before so as to output the calculated results 

25 as 1, 2, N symbol differential phase detected signals; a 
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power detection unit for detecting a power of the received 
signal ; a soft decision demodulated data estimating unit which 
estimates transmitted differential phase sequence according 
to the 1, 2, . . . , N symbol differential phase detected signals 
5 using a trellis diagram representing transitions of 
differential phase states of transmitted signals and Viterbi 
algorithm, and estimates soft decision demodulated data 
according to the estimated transmitted differential phase 
sequence, survival path metric that transit into each state 

10 on the trellis diagram and the power and a decoding unit for 
decoding original transmitted data based on the soft decision 
demodulated data. 

The receiver according to next invention comprises a 
multiple differential phase detected signal output unit for 

15 calculating phase differences between a received signal and 
received signals of 1, 2, N (where N is an integer greater 
than 2) symbols before so as to output the calculated results 
as 1, 2, *■■, N symbol differential phase detected signals; a 
power detection unit for detecting a power of the received 

20 signal ; a soft decision demodulated data estimating unit which 
estimates transmitted differential phase sequence according 
to the 1,2, . . . , N symbol differential phase detected signals 
using a trellis diagram representing transitions of 
differential phase states of transmitted signals and Viterbi 

25 algorithm, and estimates soft decision demodulated data 




according to the estimated transmitted differential phase 
sequence, survival path metric that transit into each state 
on the trellis diagram and the power; a unit for interleaving 
the soft decision demodulated data according to a predetermined 
5 algorithm and a decoding unit for decoding original transmitted 
data based on the soft decision demodulated data after 
interleaving . 

The receiver according to next invention comprises a 
multiple differential phase detected signal output unit for 
10 calculating phase differences between a received signal and 

received signals of 1,2, N (where N is an integer greater 

than 2) symbols before so as to output the calculated results 

as 1, 2, N symbol differential phase detected signals; a 

power detection unit for detecting a power of the received 

15 signal; a p-multiplying unit for multiplying the power by p; 
a soft decision demodulated data estimating unit which 
estimates transmitted differential phase sequence according 
to the 1,2, . . . , N symbol differential phase detected signals 
using a trellis diagram representing transitions of 

20 differential phase states of transmitted signals and Viterbi 
algorithm, and estimates soft decision demodulated data 
according to the estimated transmitted differential phase 
sequence, survival path metric that transit into each state 
on the trellis diagram and the p-multiplied value of the power ; 

25 and a decoding unit for decoding original transmitted data 

15 



based on the soft decision demodulated data. 

The receiver according to next invention comprises a 
multiple differential phase detected signal output unit for 
calculating phase differences between a received signal and 
received signals of 1, 2, N (where N is an integer greater 
than 2) symbols before so as to output the calculated results 
as 1, 2, N symbol differential phase detected signals; a 

power detection unit for detecting a power of the received 
signal; a p-multiplying unit for multiplying the power by p; 
a soft decision demodulated data estimating unit which 
estimates transmitted differential phase sequence according 
to the 1,2, . . . , N symbol differential phase detected signals 
using a trellis diagram representing transitions of 
differential phase states of transmitted signals and Viterbi 
algorithm, and estimates soft decision demodulated data 
according to the estimated transmitted differential phase 
sequence, survival path metric that transit into each state 
on the trellis diagram and the p-multiplied value of the power; 
an interleaving unit for interleaving the soft decision 
demodulated data according to a predetermined algorithm; and 
a decoding unit for decoding original transmitted data based 
on the soft decision demodulated data after interleaving. 

The communication system according to the next invention 
comprises a transmitter and a receiver , wherein the transmitter 
comprises a convolutional codingunit for convolutional-coding 



transmitted data; a converting unit for converting the 
convolutional-coded data into a transmission differential 
phase; a differential coding unit for differentially coding 
the transmission differential phase and maps the differential 
5 encoded data to the signal phases; and a transmission signal 
generation/output unit for generating/outputting a 
differential phase modulated signal based on the transmission 
signal phase, and the receiver comprises a multiple 
differential phase detected signal output unit for calculating 
10 phase differences between a received signal and received 

signals of 1, 2, **•, N (where N is an integer greater than 2) 
symbols before so as to output the calculated results as 1, 

2, N symbol differential phase detected signals; a soft 

decision demodulated data estimating unit which estimates a 

15 transmitted differential phase sequence according to the 1, 
2, . .., N symbol differential phase detected signals using 
a trellis diagram representing transitions of differential 
phase states of transmitted signals and Viterbi algorithm, 
and estimates soft decision demodulated data according to the 

2 0 estimated transmitted differential phase sequence and survival 
path metric that transit into each state on the trellis diagram 
and a decoding unit for decoding original transmitted data 
based on the soft decision demodulated data. 

A communication system according to the next invention 

25 comprises a transmitter and a receiver , wherein the transmitter 
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comprises a convolutional codingunit for convolutional-coding 
transmitted data; a first interleaving unit for interleaving 
an order of the convolutional-coded data according to a 
predetermined algorithm; a converting unit for converting the 
5 interleaved data into a transmission differential phase; a 
differential coding unit for differentially coding the 
transmission differential phase and maps the differential 
encoded data to the signal phases; and a transmission signal 
generation/output unit for generating/outputting a 

10 differential phase modulated signal based on the transmission 
signal phase, and the receiver comprises a multiple 
differential phase detected signal output unit for calculating 
phase differences between a received signal and received 
signals of 1, 2, N (where N is an integer greater than 2) 

15 symbols before so as to output the calculated results as 1 , 
2, N symbol differential phase detected signals; a soft 

decision demodulated data estimating unit which estimates a 
transmitted differential phase sequence according to the 1, 
2, N symbol differential phase detected signals using 

20 a trellis diagram representing transitions of differential 
phase states of transmitted signals and Viterbi algorithm, 
and estimates soft decision demodulated data according to the 
estimated transmitted dif f erential phase sequence and survival 
path metric that transit into each state on the trellis diagram 

25 a second interleaving unit for interleaving the soft decision 




demodulated data according to a predetermined algorithm; and 
a decoding unit for decoding original transmitted data based 
on the soft decision demodulated data after interleaving. 

A communication system according to the next invention 
5 comprises a transmitter and a receiver , wherein the transmitter 
comprises a convolutional coding unit for convolutional-coding 
transmitted data; a converting unit for converting the 
convolutional-coded data into a transmission differential 
phase; a differential coding unit for differentially coding 

10 the transmission differential phase and maps the differential 
encoded data to the signal phases; and a transmission signal 
generation/output unit for generating/outputting a 
differential phase modulated signal based. on the transmission 
signal phase, and the receiver comprises a multiple 

15 differential phase detected signal output unit for calculating 
phase differences between a received signal and received 
signals of 1, 2, N (where N is an integer greater than 2) 

symbols before so as to output the calculated results as 1, 
2, *•*, N symbol differential phase detected signals; a soft 

20 decision demodulated data estimating unit which estimates 
transmitted differential phase sequence according to the 1, 
2, N symbol differential phase detected signals using 

a trellis diagram representing transitions of differential 
phase states of transmitted signals and Viterbi algorithm, 

25 and estimates soft decision demodulated data according to the 

19 




estimated transmitted differential phase sequence, survival 
path metric that transit into each state on the trellis diagram 
and the power; and a decoding unit for decoding original 
transmitted data based on the soft decision demodulated data. 
5 A communication system according to the next invention 

comprises a transmitter and a receiver , wherein the transmitter 
comprises a convolutional codingunit for convolutional-coding 
transmitted data; a first interleaving unit for interleaving 
an order of the convolutional-coded data according to a 

10 predetermined algorithm; a converting unit for converting the 
interleaved data into a transmission differential phase; a 
differential coding unit for differentially coding the 
transmission differential phase and maps the differential 
encoded data to the signal phases; and a transmission signal 

15 generation/output unit for generating/outputting a 
differential phase modulated signal based on the transmission 
signal phase, and the receiver comprises a multiple 
differential phase detected signal output unit for calculating 
phase differences between a received signal and received 

20 signals of 1, 2, •**, N (where N is an integer greater than 2) 
symbols before so. as to output the calculated results as 1, 
2, *•*, N symbol differential phase detected signals; a soft 
decision demodulated data estimating unit which estimates 
transmitted differential phase sequence according to the 1, 

25 2, . .., N symbol differential phase detected signals using 



a trellis diagram representing transitions of differential 
phase states of transmitted signals and Viterbi algorithm, 
and estimates soft decision demodulated data according to the 
estimated transmitted differential phase sequence, survival 
5 path metric that transit into each state on the trellis diagram 
and the power a second interleaving unit for interleaving the 
soft decision demodulated data according to a predetermined 
algorithm; and a decoding unit for decoding original 
transmitted data based on the soft decision demodulated data 

10 after interleaving. 

A communication system according to the next invention 
comprises a transmitter and a receiver , wherein the transmitter 
comprises a convolutional coding unit for convolutional-coding 
transmitted data; a converting unit for converting the 

15 convolutional-coded data into a transmission differential 
phase; a differential coding unit for differentially coding 
the transmission differential phase and maps the differential 
encoded data to the signal phases; and a transmission signal 
generation/output unit for generating/outputting a 

20 differential phase modulated signal based on the transmission 
signal phase, and the receiver comprises a multiple 
differential phase detected signal output unit for calculating 
phase differences between a received signal and received 
signals of 1, 2, N (where N is an integer greater than 2) 

25 symbols before so as to output the calculated results as 1, 

21 
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2, *••, N symbol differential phase detected signals; a soft 
decision demodulated data estimating unit which estimates 
transmitted differential phase sequence according to the 1, 
2, . .., N symbol differential phase detected signals using 
5 a trellis diagram representing transitions of differential 
phase states of transmitted signals and Viterbi algorithm, 
and estimates soft decision demodulated data according to the 
estimated transmitted differential phase sequence, survival 
path metric that transit into each state on the trellis diagram 

10 and the p-multiplied value of the power; and a decoding unit 
for decoding original transmitted data based on the soft 
decision demodulated data. 

A communication system according to the next invention 
comprises a transmitter and a receiver , wherein the transmitter 

15 comprises a convolutional codingunit for convolutional-coding 
transmitted data; a first interleaving unit for interleaving 
an order of the convolutional-coded data according to a 
predetermined algorithm; a converting unit for converting the 
interleaved data into a transmission differential phase; a 

20 differential coding unit for differentially coding the 
transmission differential phase and maps the differential 
encoded to the signal phases; and a transmission signal 
generation/output unit for generating/outputting a 
differential phase modulated signal based on the transmission 

25 signal phase, and the receiver comprises a multiple 
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differential phase detected signal output unit for calculating 
phase differences between a received signal and received 
signals of 1, 2, N (where N is an integer greater than 2) 

symbols before so as to output the calculated results as 1, 
5 2 , **• , N symbol differential phase detected signals; a soft 
decision demodulated data estimating unit which estimates 
transmitted differential phase sequence according to the 1, 
2, . . . , N symbol differential phase detected signals using 
a trellis diagram representing transitions of differential 
10 phase states of transmitted signals and Viterbi algorithm, 
and estimates soft decision demodulated data according to the 
estimated transmitted differential phase sequence, survival 
path metric that transit into each state on the trellis diagram 

and the p-multiplied value of the power a second interleaving 
15 unit for interleaving the soft decision demodulated data 
according to a predetermined algorithm; and a decoding unit 
for decoding original transmitted data based on the soft 
decision demodulated data after interleaving. 

Other objects and features of this invention will become 
20 apparent from the following description with reference to the 
accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A and Fig. IB are diagrams showing a structure 
25 of a communication system according to the present invention. 

23 
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Fig. 2 is a diagram showing a structure of a multiple 
differential phase detector which operates as a demodulator 
in a first embodiment. 

Fig. 3 is a diagram showing a differential phase which 
5 is assigned by using differential QPSK modulation. 

Fig. 4 is a trellis diagram in the case that differential 
QPSK modulation is used. 

Fig. 5 is a diagram showing a BER performance of an AWGN 
communication channel . 
10 Fig. 6 is a diagram showing a structure of a multiple 

differential phase detector which operates as a demodulator 
in a second embodiment. 

Fig. 7 is a diagram showing a structure of a multiple 
differential phase detector which operates as a demodulator 
15 in a third embodiment. 

Fig. 8A and Fig. 8B are diagrams showing a structure 
of a communication system according to the present invention. 

Fig. 9 is a diagram showing a BER performance of an AWGN 
communication channel . 
20 Fig. 10 is a diagram showing a conventional demodulator. 

Fig. 11 is a diagram showing a conversion rule of 
differential QPSK modulation. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 A demodulator, receiver and communication system 

24 



according to preferred embodiments of the present invention 
will be explainedbelow with reference to the attached drawings . 
However, this invention is not limited only to these 
embodiments . 

5 Fig. 1A and Fig. IB are diagrams showing the structure 

of the communication system of the present invention. Fig. 
1A shows the structure of a transmitter, and Fig. IB shows 
the structure of a receiver in the communication system of 
the present invention. Here, a case where communication 

10 apparatuses having both the transmission and receiving 
structures transmit and receive data is assumed. Although a 
communication apparatus having both the transmitter and the 
receiver is assumed here , the communication apparatus may have 
only a transmitter or a receiver. 

15 As shown in Fig. 1A, the transmitter comprises a 

convolutional encoder 1 for convolutional-coding transmitted 
data, an assignment circuit 2 for converting the 
convolutional-coded data output by the convolutional encoder 
1 into transmission differential phase, a differential coding 

20 circuit 3 for differentially coding the transmission 
differential phase output by the assignment circuit 2 and 
outputting the coded result as a transmission signal phase, 
and a phase modulator 4 for modulating phase based on the 
transmission signal phase output from the differential coding 

25 circuit 3 . The differential coding circuit 3 comprises a delay 





element 310, and an adder 320. 

As shown in Fig. IB, the receiver comprises a multiple 
differential phase detector 5 (corresponding to a multiple 
differential phase detector 5a in the present embodiment) for 
5 generating/ outputting demodulated data from a received signal , 
and a Viterbi decoder 6 for decoding the demodulated data output 
from the multiple differential phase detector 5 based on the 
Viterbi decoding method and generating received data (original 
received data) as the decoded result. 

10 Fig. 2 is a diagram showing a structure of the multiple 

differential phase detector 5a which operates as a demodulator 
in the present embodiment. Same reference numerals have been 
provided to parts of the structure which are the same as those 
in the above-explained conventional demodulator, and the 

15 description thereof is omitted. The multiple differential 
phase detector comprises the 1 symbol differential phase 
detector 510, the multiple symbol differential phase detector 
520, and a soft decision sequence estimation unit 51a. 



20 convolutional encoder 1 convolutional codes transmitted data 
{ -1 , 1 } , and outputs convolutional-coded data di as the coded 
result . For example , when the coding rate of the convolutional 
codes in the convolutional coder 1 is set to 1/2, the 
convolutional-coded data can be represented as di = (Pi,Qi) : 



Operation of the transmitter will now be explained. The 
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Pi,Qi^{-l,l} . 
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The 



assignment 



circuit 



2 



converts 



the 



convolutional-coded data di = (Pj.,Qi) into transmission 
differential phase A9 L = F(Pi,Qi). Here, differential QPSK 
modulation is used as one example of the modulating method. 
5 The conversion rule F of the differential QPSK modulation can 
be similar to the conversion rule F shown in Fig. 11. 

In the differential coding circuit 3, the adder 320 adds 

transmission signal phase 6 i_i of 1 symbol before output from 
the delay element 310 and the transmission differential phase 

10 A0 i output from the assignment circuit 2 according to the 
above-mentioned formula (1) to generate transmission signal 
phase fli. This signal is then output. 

The phase modulator 4 modulates the transmission signal 

based on the transmission signal phase 6 L received from the 
15 differential coding circuit 3 so as to, output the signal whose 
phase has been modulated as a transmission signal. 

Operation of the receiver will be explained next. The 
received signal is input into the delay element 511 and the 
phase comparator 512 of the multiple differential phase 
20 detector 5 as shown in Fig. 2. The delay element 511 which 
has received the signal outputs a received signal of 1 symbol 
before to the phase comparator 512. The phase comparator 512 
compares the phase of the current received signal with the 
phase of the received signal of 1 symbol before, obtains a 
25 phase difference between the two signals , and outputs a 1 symbol 
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differential phase detected signal as the result of comparison . 
For example, when a received signal phase at time i is taken 
to be </>i, a 1 symbol differential phase detected signal A 
</> (i)i output from the phase comparator 512 can be represented 
5 by the above-mentioned formula (2) . Moreover, the 1 symbol 

differential phase detected signal A (J) represents a 

difference of phase for 1 symbol period of the received signal , 
and when noise and fading do not occur, its value is equal 
to the transmitted differential phase AO L . Therefore, since 

10 the value of the transmission differential phase A 9 i is 
determined by the transmitted data as mentioned above, 
transmitted data can be estimated by using the 1 symbol 
differential phase detected signal A<J) 

Thereafter, the 1 symbol differential phase detected 

15 signal A<p output from the phase comparator 512 is input 
into the delay element 521-1 of the multiple symbol differential 
phase detector 520 . There , this signal is delayed by an amount 
which is equal to. 1 symbol period of the received signal. The 
output of the delay element 521-1 is input into the adder 522-1 . 

20 Moreover, the 1 symbol differential phase detected signal A 
(p (i>i output from the phase comparator 512 is also input into 
the adder 522-1 . The adder 522-1 adds the 1 symbol differential 
phase detected signal A</> and the output A<p a>i-i of the delay 
element 522-1 according to the above-mentioned formula (3) . 

25 Namely, an output A </> (2 >i of the adder 522-1 becomes a 2 symbol 
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differential phase detected signal representing a difference 
of phase for 2 symbol periods of the received signal. 

Total (N-l) units of delay elements 521-1, 521-2, 

521- (N-l) are connected in parallel. The m-th (m=2 , ***, N-l) 
5 delay element delays an output of the (m-l)th delay element 

by an amount which is equal to 1 symbol period of the received 
signal, and outputs it . Therefore, the output of the m-th (m=2 , 
N-l) delay element at time i becomes A</> ( i)i_ m . 

Further, total (N-l) units of adders 252-1, 252-2, ••*, 
10 252- (N-l) are connected in parallel . An output of the (m-l)th 
adder is input into the m-th (m=2 , **-, N-l) adder. Moreover, 
the outputs of the total of (N-l) delay elements 521-1 , 521-2, 
521- (N-l) are also input into the adders 522-1, 522-2, 

522- (N-l) respectively. That is, the m-th (m=2 , N-l) adder 
15 adds the output of the (m-l)th adder and the output of the 

m-th delay element, and outputs the result of addition. 
Therefore, when the output of the m-th (m=2 , N-l) adder 

at time i is A<p ( m +ui, the above-mentioned formulas (4) and (5) 
hold. 

20 That is, an output value A<p {m +i )L of the m-th (m=2 , 

N-l) adder becomes (m+1) symbol differential phase detected 
signal representing a difference of phase for (m+1) symbol 
periods of the received signal. 2, 3, **• , N symbol 
differential phase detection signals are output from the total 

25 of (N-l) adders 522-1, 522-2, "•, 522-(N-l). 



The multiple symbol differential phase detector 520 
combines the total of (N-l) differential phase detected signals 
A<£ (2 )i, A</> ( N)i and the 1 symbol differential phase detected 
signal A</> (1)i output from the phase comparator 512 so as to 
5 generate multiple differential phase detected signals A<p L = 
(A0(i>i, A</>(2>i, A(J) (N)i ) as output signals. 

The soft decision sequence estimation unit 51a estimates 
convolutional-coded data according to the Viterbi algorithm 
using a trellis diagram representing transitions of a phase 

10 state of a differential phase , and outputs the estimated result 
as soft decision demodulated data. A likelihood difference 
between the maximum likelihood sequence and a sequence which 
is obtained by inverting bit codes to be estimated in the maximum 
likelihood sequence is determined as "reliability of bit to 

15 be estimated", and a combination of (N-l) transmission 
differential phase signal points is "state". 

More concretely, for example, when M-PSK modulation is 
used on the transmission side, the trellis diagram has M N_1 
states and the each states has M inflow and outflow branches. 

20 As a result, a total number of branches is M N . Therefore, a 
total number of the state transitions is M N . That is, a state 
transition from a state B L . X = ( i3 i_< N -x, , j3i- (N - 2 ), "•, £1-1) to 
a state Bi (/3i-(n-2>/ j3i-( N _ 3) , ***, /3 ± ) means that a subsequence 
composed of continuous N elements of the transmission 

25 differential phase sequence (Afli) is { 0 L . iVi -x) , & l-w-2) , £ 



i} . 0 i-j is one of the elements of the transmission differential 
phase Ad L , and j = 0, 1, N-l . 

Therefore, the soft decision sequence estimation unit 
51a can assume replicas of 1, 2, ■", N symbol differential phase 
5 detected signals for the above-mentioned state transitions. 
That is, when a value of the replica of m-th (m=l, 2, N) 
symbol differential phase detected signal corresponding to 
the state transition is represented by A 6 (m) { j3 i-i , j3 i } , the 
formula (6) holds. 

m-1 

^* (m ,= \B t . r B. t ) I e H (6) 

j=0 

10 

In addition, branch metric is calculated for all the 
state transitions on the trellis diagram according to the 
multiple differential phase detected signals A<J) L = (A</> (1)i , 
(2 >i, , A<J) (N)i) . That is, the branch metric of a branch 
15 corresponding to the sate transition from a state Bj._i = ( j3 
i-<N-i), £i-( N -2), " , & i-i) to a state Bi = ( P l-w-2) , & i-w-3) , , 
/3 i) is obtained by a sum of absolute values of difference between 
1, 2, ***, N symbol differential phase detected signals A<p 
A</)( 2 )i, '" r A0( N)i and replicas of the 1, 2, N symbol 

20 differential phase detected signals A 0 U) { j3 i_i , ]3 L } , A 6 (2) { j8 
i-i, i3i} , A0 (N) { jSi-i, J3i) . ' 

Therefore , in the soft decision sequence estimation unit 
51a, when the branch metric of the branch corresponding to 



the state Bi_i to the state Bi is represented by BM L {(3 L - lf (3 
i), the formula (7) holds. 

N 



m _, Mi ^ Mm) 
m-1 

N m-1 
= Z Zl^ (m)j — 2 A <j> w 
m=1 j=0 



(7) 



In such a manner, the soft decision sequence estimation 
5 unit 51a obtains an output of the multiple symbol differential 
phase detector 520 in the respective states at time i, namely, 
the branch metric according to the 1 to N symbol differential 
phase detected signals. ACS arithmetic is executed based on 
the Viterbi algorithm, and a survival path is selected for 
10 the respective states according to the arithmetic result, and 
the selected result is stored in an internal path memory (not 
shown) so that the path metric is updated. 

A method by which the soft decision sequence is obtained 
in the soft decision sequence estimation unit 51a will be 
15 explained below. As one example, differential phases are 
assigned by using the differential QPSK modulation as shown 
in Fig. 3 , and the case where N=2 is assumed. Fig. 4 is a trellis 
diagram in correspondence to such a case. 

A survival path is selected according to the above method 
20 at certain time i. At this time, in the trellis diagram shown 
in Fig. 4, convolutional-coded data are determined by a state 
into which the survival path at that time is brought . Moreover , 
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convolutional-coded data on the transmission side 
corresponding to the four states 0, 1, 2 and 3 accord with 
the converting rule of the transmission differential phase 
(see Fig. 11), and become (-1,-1), (1,-1), (1,1) and (-1,1) 
5 respectively. As a result, high-likelihood path where the 
first bit of the convolutional-coded data at time i is -1 is 
a path where the path metric in the survival paths in the states 
0 and 3 is smaller. Here, the path metric of this path is 
"likelihood where the first bit is -1" . That is, when the path 

10 metrics of the survival paths in the states 0 and 3 are PMi(O) 
and PMi(3) , "likelihood where the first bit is -1" becomes MIN 
(PMi(O) , PMi(3) ) . 

Similarly, the high-likelihood path where the first bit 
is 1 is a path where path metric of the survival paths in the 

15 states 1 and 2 is smaller. Here, the path metric of this path 
is "likelihood where the first bit is 1". That is, when the 
path metrics of the survival paths in the states 1 and 2 are 
PMi(l) andPMi(2) , " likelihood where the firstbit is -1" becomes 
MIN (PMi(l) , PMi(2) ) . 

20 In this case, since the likelihood becomes higher with 

its value being smaller, as "likelihood where the first bit 
is -1" is smaller than "likelihood where the first bit is 1", 
"reliability that the first bit is -1" becomes higher. 
Therefore, the reliability Ri i( _i) that the first bit is -1 is 

25 obtained by subtracting "likelihood that the first bit is -1" 



from "likelihood that the first bit is 1" , and the reliability 
can be represented by the following formula (8). 

R 1i( . 1) = MIN(PM i (1 JPM^JJ-MINfPM^PM^)) (8) 

In addition,, the reliability R2K-1) that the second bit 
5 of the transmission bit at time i is -1 can be represented 
by the formula (9) similarly. 

R 2 i ( - 1) =MIN(PM i (2) f PM j (3))— MIN(PMi(0),PMj(1 )) (9) 

As the last step when obtaining the soft decision sequence , 
as represented by the formula (10) , the soft decision sequence 
10 estimation unit 51a multiplies the formulas (8) and (9) by 
-1 as a hard decision value respectively . Here , this multiplied 
results become soft decision demodulated data. 

R 1i =-lX |MIN(PMi(1)^Mi(2))— MIN(PMi(0) f PMi(3))} 

= MIN(PM i (0),PM j (3))— MIN(PMj(1),PMj(2)) (10) 

R 2i =-1X |MIN(PMi(2)PM,(3))— MINIPMi^.PMjll))} 
= MIN(PM i (0),PM i (1))— MIN(PM j (2),PM j (3)) 



After the soft decision sequence is estimated by the 
15 soft decision sequence estimation unit 51a in the multiple 
differential phase detector 5a, the Viterbi decoder 6 in the 
receiver (Fig. IB) decodes the received soft decision 
demodulated data according to the Viterbi algorithm, and 
outputs the decoded result as received data (original 

34 



transmitted data) . 

Fig. 5 is a diagram showing BER (Bit Error Rate) 
performance of AWGN (Additive White Gaussian Noise) 
communication channel when the convolutional coding process 
5 where the coding rate is 1/2 and constraint length K is 7, 
and differential QPSK modulation are used, and N is 2 . A 
comparison of the BER in the present embodiment and that in 
the prior method shows that the BER in the present embodiment 
is suppressed lower. 

10 Thus, in the present embodiment, the output of the 

demodulator is a soft decision value, namely, the input into 
the Viterbi decoder 6 is a soft decision value. Therefore, 
the correcting capability can be improved more than the case 
where a hard decision value is input. Moreover, in the present 

15 embodiment, since only the phase information of the received 
signal is used for the demodulating process, the structure 
of the demodulator can be simplified. 

For convenience of the explanation, differential QPSK 
modulation is adopted as one example of the modulating method. 

20 However, the present invention is not limited to this. That 
is, and BPSK demodulating method, 8 PSK modulating method or 
the like may alternatively be used. Moreover, it is assumed 
that the coding rate of the convolutional codes is 1/2 . However, 
the present invention is not limited to this. That is, an 

25 arbitrary coding rate k/n (k and n are arbitrary real numbers) 



may alternatively be used. Further, the constraint length K 
was assumed to be 7. However, the present invention is not 
limited to this . Constraint length K may be 6 , 8, 9 . Further , 
N was set to 2. However, the present invention is not limited 
5 to this. N may be set to 3 , 4, ••• for example. 

The first embodiment explained the demodulator (multiple 
differential phase detector 5a) which generated the soft 
decision demodulated data from the phase information of the 
received signal. However, there will be explained below the 

10 demodulator (multiple differential phase detector 5b in the 
present embodiment which generates soft decision demodulated 
data using phase information and detected power information. 
Since the structure of the communication system of'the present 
invention is the same as that shown in Fig. 1A and Fig. IB 

15 according to the first embodiment, the same reference numerals 
are given to it and the description thereof is omitted. 

Fig. 6 is a diagram showing a structure of the multiple 
differential phase detector 5b which operates as a demodulator 
in the present embodiment. The same reference numerals are 

20 given to the parts of the structure which are the same as those 
of the multiple differential phase detector 5a (see Fig. 2) 
according to the first embodiment, and the description thereof 
is omitted. The multiple differential phase detector 5b 
comprises a soft decision sequence estimation unit 51b, and 

25 a power detector 52 for detecting the power of the received 
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signal . 

Operation of the receiver will be explained here . Since 
the operation of the transmitter, the functions of the 1 symbol 
differential phase detector 510 and multiple symbol 
5 differential phase detector 520 are same as explained in 
connection with the first embodiment, description thereof is 
omitted . 

For example, the soft decision sequence estimation unit 
51b estimates transmitted convolutional-coded data according 

10 to the Viterbi algorithm using the trellis diagram representing 
transitions of the phase states composed of a combination of 
(N-l) transmission differential phase signal points, and 
outputs the estimated result as the soft decision demodulated 
data. The convolutional-coded data are estimated based on 

15 multiple symbol differential phase detected signal output from 
the multiple symbol differential phase detector 520 and power 
of the received signal output from the power detector 52. In 
the process in the soft decision sequence estimation unit 51b, 
the processes from for storing survival paths and to for updating 

20 path metrics are the same as those in the first embodiment. 

The method by which the soft decision sequence is obtained 
in the soft decision sequence estimation unit 51b will be 
explained next. A case in which a differential phase is 
assigned by executing the differential QPSK modulation and 

25 a number of the maximum delay symbols N is 2 is assumed . Moreover , 
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the process for selecting survival paths in the each state 
on the trellis diagram so as to obtain likelihood corresponding 
to the every bit of the transmitted data is the same as that 
in the first embodiment. 

A decision is made that "as the power of the received 
signal is greater , the likelihood is higher " , and the likelihood 
calculated from the phase is multiplied by the power of the 
received signal as the output of the power detector 52 so that 
the soft decision demodulated data are obtained. More 
concretely, whenN is equal to 2 anddif f erential QPSKmodulation 
method is adopted, the soft decision demodulated data R u and 
R 2 i of the transmitted data at time i can be represented as 
the following formula (11) . 

R 1i = P i {(-IJXlMINiPM^I^PM^^-MINtPMifOJ.PMifa)))} 

= P, fMIN(PM i (0),PM j (3))-MIN(PM i (1) l PM i (2))} 

R 2i = p i l(-1)X(MIN(PMi(2)PMi(3))-MIN(PMi(0)PMi(1)))} 

= Pj iMINIPM^OJPMiJIJJ-MINtPM^KPM^))} 

Pi represents the power of the received signal , and PMi ( 0 ) 
to PMi (3) represent path metrics of survival paths in the states 
0 to 3. 

Fig. 5 shows the BER performance of an AWGN communication 
channel when the convolutional coding process and the 
differential QPSK modulation are used at the coding rate of 
1/2 and the constraint length K of 7 , and when a number of 
the maximum delay symbols N is 2 . A comparison of BER according 

38 



to the present embodiment and that according to the prior method 
shows that BER in the present embodiment is controlled lower. 
Further, comparison of BER according to the present embodiment 
and that according to the first embodiment shows that BER in 
5 the present embodiment is controlled lower. Accordingly, the 
performance in the present embodiment is improved. That is, 
the soft decision demodulated data with higher reliability 
can be obtained in the present embodiment. 

Thus, the soft decision demodulated data are generated 
10 based on the phase of the received signal and the power, and 
the input into the Viterbi decoder 6 (see Fig. IB) is determined 
as a soft decision value. As a result, the correcting 
capability can be further improved, and BER can be controlled 
low . 

15 For convenience of the explanation, differential QPSK 

modulation is adopted as one example of the modulating method. 
However, the present invention is not limited to this. That 
is, BSPK modulating/demodulating method, 8 PSK 
modulating/demodulating method or the like may alternatively 

20 be used. Moreover, it was assumed that the convolutional coding 
rate is 1/2. However, the present invention is not limited 
to this. That is, an arbitrary coding rate k/n (k and n are 
arbitrary real numbers) may be used. Moreover, the constraint 
length K was assumed to be equal to 7. However, the present 

25 invention is not limited to this. That is, K may be 6 , 8,9, 



hi 
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for example. Further, number N of the maximum delay symbols 
was assumed to be equal to 2. However, the present invention 
is not limited to this . That is , N may be 3 , 4 , ■•• , for example . 

The second embodiment explained the case that the 
5 demodulator (multiple differential phase detector 5b) 
generated the soft decision demodulated data based on the phase 
information of the received signal and the detected power 
information. However, the third embodiment explained below 
explains the case where a demodulator (multiple differential 
10 phase detector 5c) generates soft decision demodulated data 



ll based on the phase information and a value obtained by 

ri 

multiplying a detected power by p. Since the structure of the 
communication system of the present invention is the same as 
that shown in Fig. 1A and Fig. IB in the first embodiment, 
15 the same reference numerals are given to it and the description 
thereof is omitted. 

Fig. 7 is a diagram showing a structure of the multiple 
differential phase detector 5c which operates as a demodulator 
in the present embodiment. The same reference numerals are 
20 given to the structures which are the same as the multiple 
differential phase detector 5a (see Fig. 2) in the first 
embodiment and the multiple differential phase detector 5c 
(see Fig. 6) in the second embodiment, and the description 
thereof is omitted. The multiple differential phase detector 
25 5c comprises a soft decision sequence estimation unit 51c, 
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and a p-multiplier 53 for multiplying a power of a received 
signal output from the power detector 52 by p. 

Operation of the receiver will be explained here. Since 
the operation of the transmitter, the functions of the 1 symbol 
5 differential phase detector 510, multiple symbol differential 
phase detector 520 and power detector 52 are the same as those 
in the first or second embodiment, the description thereof 
is omitted. 

For example, the p-multiplier 53 multiples a power of 

10 a received signal output from the power detector 52 by p so 
as to output the calculated result. The soft decision sequence 
estimation unit 51c estimates transmitted convolutional-coded 
data according to the Viterbi algorithm using the trellis 
diagram showing transitions of phase states composed of 

15 combinations of (N-l) transmission differential phase signal 
points so as to output the estimated result as soft decision 
demodulated data. In the present embodiment, the 

convolutional-coded data are estimated according to a multiple 
symbol differential phase detect signal output from the 

20 multiple symbol differential phase detector 520 and 
p-multiplied value of the power of the received signal output 
from the p-multiplier 53 . In the process in the soft decision 
sequence estimation unit 51c, the processes from for storing 
survival paths to for updating path metrics are the same as 

25 those in the first or second embodiment. 



The method by which the soft decision sequence is obtained 



in the soft decision sequence estimation unit 51c will be 
explained next. In the present embodiment, as one example, 
the case that a differential phase is assigned by using the 
5 differential QPSK modulation and a number of the maximum delay 
symbols is N is 2 is assumed. Moreover, the. process for 
selecting survival paths in the each state on the trellis diagram 
to obtain likelihood corresponding to the every bits of 
transmitted data is the same as that in the first or second 
10 embodiment. 



power of the received signal is larger , the likelihood is higher" 
For example, when the likelihood obtained from a phase is 
multiplied by the p-mul tip lied value of the power of the received 
15 signal as the output from the p-multiplier 53, soft decision 
demodulated data are obtained. More concretely, whenN is equal 
to 2 and the differential QPSK modulation method is adopted, 
the soft decision demodulated data R u and R 2 i of the transmitted 
data at time i can be represented as the formula (12) . 



A decision is made that "as 



p-multiplied value of the 




R 



1i 



Pi P {(-1)X(MIN(PM i (1)PM i (2))-MIN(PM j (0) I PM j (3)))} 
Pi P lMIN(PM j (0),PM l (3))-MIN(PM j (1) ( PM i (2))} 
Pi P i(-1)X(MIN(PM i (2)PM i (3))-MIN(PM i (0)PM i (1)))} 
Pf iMINtPM^PMillM-MINIPM^PM^))} 



(12) 



20 



Here, Pi represents the power of the received signal, 
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and PMi(O) to PMi(3) represent path metrics of the survival 
paths in the states 0 to 3 . 

Fig . 5 shows the BER performance of an AWGN communication 
channel when the convolutional coding and the differential 
5 QPSK modulation are used at the coding rate of 1/2 and the 
constraint length K of 7 , and when a number of the maximum 
delay symbols N is 2 and p is 1/2 . A comparison of BER according 
to the present embodiment according to the prior method shows 
that the BER in the present embodiment is controlled lower. 

3 10 Further, a comparison of BER according to the present embodiment 

A 

^ and that according to the first or second embodiments shows 

i jj 

! ^ that the BER in the present embodiment is controlled lower. 

l '' Accordingly , the performance is further improved in the present 

"! embodiment. That is, the soft decision demodulated data with 

]! 15 higher reliability can be obtained in the present embodiment. 
■| Thus, the soft decision demodulated data are generated 

based on the phase of the received signal and the p-multiplied 
value of the power, and the input into the Viterbi decoder 
6 (see Fig. IB) is determined as a soft decision value. As 
20 a result, the correcting capability can be further improved, 
and BER can be controlled lower than that of the second 
embodiment . 

For convenience of the explanation, differential QPSK 
modulation is adopted as one example of the modulating method . 
25 However, the present invention is not limited to this. That 



is, BPSK modulating/demodulating method, 8 PSK 
modulating/demodulating method or the like may alternatively 
be used. Moreover, it is assumed that the convolutional coding 
rate is equal to 1/2. However, the present invention is not 
5 limited to this. That is, an arbitrary coding rate k/n (k and 
n are arbitrary real numbers) may be used. Moreover, the 
constraint length K was assumed to be equal to 7. However, 
but the present invention is not limited to this. That is, 
K may be equal to 6, 8, 9, for example. Further, number 

10 N of the maximum delay symbols was assumed to be equal to 2. 
However, the present invention is not limited to this. That 
is, N may be equal to 3, 4, •*, for example. 

In the fourth embodiment, an interleaver for changing 
an order of data is added to the structure in the first embodiment 

15' shown in fig. 1 so that the demodulation performance is improved. 
Here, in the structure of the communication system of the 
present invention, the same reference numerals are given to 
the parts of the structure similar to those in Fig. 1A and 
Fig. IB of the first embodiment, and the description thereof 

20 is omitted. 

Fig. 8A and 8B are diagrams showing the structure of 
the communication system of the present embodiment. Fig. 8 A 
shows a structure of a transmitter , and Fig. 8B shows a structure 
of a receiver of the communication system of the present 

25 invention. Here, a case where communication apparatuses 
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having both the transmitter and receiver for transmitting and 
receiving data is assumed. Although the communication 
apparatus having such a structures is assumed the invention 
is not limited to this. That is, the communication apparatus 
5 may comprise only the transmitter or only the receiver. 

As shown in Fig. 8A, the transmitter comprises an 
interleave circuit 7 . Further, as shown in Fig. 8B the receiver 
comprises a deinterleave circuit 8. 

Operation of the transmitter will be explained here. 

10 The convolutional encoder 1 convolutional-codes transmitted 
data ai and outputs convolutional-coded data d ± . The interleave 
circuit 7 interleaves the convolutional-coded data di according 
to a predetermined algorithm. The assignment circuit 2 
converts the interleaved convolutional-coded data into 

15 transmission differential phase A 0 L . The differential coding 
circuit 3 adds a transmission signal phase d ^ of 1 symbol 
before output from the delay element 310 and the transmission 
differential phase A 6 t as the output of the assignment circuit 
2 according to the formula (1) so as to generate a transmission 

20 signal phase 6 L and output it. Finally, the phase modulator 
4 modulates a phase according to the transmission signal phase 
di received from the differential coding circuit 3 so as to 
output the signal whose phase has been modulated as a 
transmission signal . 

25 Operation of the receiver will be explained next. A 
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received signal is input into the 1 symbol differential phase 
detector 510 of the multiple differential phase detector 5a 
(see Fig. 2) . The delay element 511 outputs the received signal 
to which time delay for 1 symbol is added, and the phase 
5 comparator 512 compares a current received signal with the 
received signal to which the time delay for 1 symbol has been 
added so as to obtain a phase difference, and outputs a 1 symbol 
differential phase detected signal as the compared result. 

In the multiple symbol differential phase detector 520, 

10 the 1 symbol differential phase detected signal output from 
the 1 symbol differential phase detector 510 is stored in the 
delay elements 521-1, 521- (N-l). Moreover, the adders 

522-1 , ••• , 522- (N-l) adds m (Km^N) 1 symbol differential phase 
detected signals, and obtains m symbol differential phase 

15 detected signal which is a phase difference between m symbols 
of the received signal to output it. 

The soft decision sequence estimation unit 51a estimates 
the transmitted convolutional-coded data according to the 
Viterbi algorithm using the trellis diagram representing 

20 transitions of the phase states of the differential phase so 
as to output the estimated result as soft decision demodulated 
data . 

The deinterleave circuit 8 deinterleaves the soft 
decision demodulated data output from the soft decision 
25 sequence estimation unit 51a into a form before deinterleaving 
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according to a predetermined algorithm so as to output the 
deinterleaves soft decision demodulated data. Finally, the 
Viterbi decoder 6 decodes the soft decision demodulated data 
deinterleaves by the deinterleave circuit 8 according to the 
Viterbi algorithm so as to output the decoded results as received 
data (original transmitted data) . 

Fig. 9 is a diagram showing a BER performance of an AWGN 
communication channel when the convolutional coding process 
and the differential QPSK modulation are used at the coding 
rate of 1/2 and the constraint length K of 7 , and when a number 
of the maximum delay symbols N is 2 . A comparison of BER 
according to the present embodiment and that according to the 
prior method shows that the BER in the present embodiment is 
controlled lower. Further, a comparison of BER according to 
the present embodiment and that according to the first 
embodiment shows that the BER performance in the present 
embodiment have further improved. 

Thus, an interleaver circuit is provided in the 
transmitter, and a deinterleave circuit is provided in the 
receiver. As a result, the output of the demodulator is a soft 
decided value, namely, the input into the Viterbi decoder 6 
is a soft decided value after deinterleaving . As a result, 
since the error correcting capability can be improved, BER 
can be controlled lower. 

In the communication system (including multiple 



differential phase detector 5a) of the fourth embodiment, the 
soft decision demodulated data are generated from the phase 
information of the received signal, and the soft decision 
demodulated data after deinterleaving are decoded according 
5 to the Viterbi algorithm . However, in the communication system 
(including the multiple differential phase detector 5b) of 
the fifth embodiment, soft decision demodulated data are 
generated by using phase information and detected power 
information , and the soft decision demodulated data are subj ect 

10 to the deinterleaving process so as to be decoded according 
to the Viterbi algorithm. 

Since the structure of the communication system of the 
present invention is the same as that shown in Fig. 8A and 
Fig. 8B in the fourth embodiment, the same reference numerals 

15 are given and the description thereof is omitted. Moreover, 
since an operation of the communication system of the present 
invention is the same as that described in the second or fourth 
embodiment, the description thereof is omitted. That is, the 
present embodiment is applied examples of the second and fourth 

20 embodiments. 

Fig. 9 shows the BER performance of an AWGN communication 
channel when the convolutional coding and the differential 
QPSK modulation are used at the coding rate of 1/2 and the 
constraint length K of 7 , and when a number of the maximum 

25 delay symbols N is 2 . A comparison of the BER according to 
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the present embodiment and that according to the prior method 
shows that the BER in the present embodiment is controlled 
lower. Further, a comparison of the BER according to the 
present embodiment and that according to the first to fourth 
5 embodiments show that the BER performance in the present 
embodiment have further improved. 

Thus, an interleave circuit is provided in the 
transmitter, and an deinterleave circuit is provided in the 
receiver. Moreover, the soft decision demodulated data are 

10 generated according to the phase of the received signal and 
the power, and the input into the Viterbi decoder 6 (see Fig. 
8B) is a soft decision value after de interleaving . As a result , 
BER can be further controlled lower, and the error correcting 
capability can be improved greatly. 

15 In the communication system (including multiple 

differential phase detector 5b) of the fifth embodiment, the 
soft decision demodulated data are generated from the phase 
information of the received signal and the detected power 
information, and the soft decision demodulated data after 

20 deinterleaving are decoded according to the Viterbi algorithm. 
However, in the communication system (including the multiple 
differential phase detector 5c) of the sixth embodiment, soft 
decision demodulated data are generated by using phase 
information and the p-multiplied value of the detected power, 

25 and the soft decision demodulated data are subject to the 

49 



deinterleaving so as to be decoded according to the Viterbi 
algorithm. 

Since the structure of the communication system of the 
present invention is the same as that shown in Fig. 8A and 
5 Fig. 8B in the fourth embodiment, the same reference numerals 
are given and the description thereof is omitted. Moreover, 
since the operation of the communication system of the present 
invention is the same as that described in the third, fourth 
or fifth embodiment, the description thereof is omitted. That 

10 is, the present embodiment is applied examples of the third, 
fourth and fifth embodiments. 

Fig. 9 shows the BER performance of an AWGN communication 
channel when the convolutional coding and the differential 
QPSK modulation are used at the coding rate of 1/2 and the 

15 constraint length K of 7 , and when a number of the maximum 
delay symbols N is 2 and p is 1/2. A comparison of the BER 
according to the present embodiment and that according to the 
prior method shows that the BER in the present embodiment is 
controlled lower. Further, a comparison of the BER according 

20 to the present embodiment and that according to the first to 
fifth embodiments shows that the BER performance in the present 
embodiment have further improved. 

Thus, an interleaver circuit is provided in the 
transmitter, and a deinterleave circuit is provided in the 

25 receiver. Moreover, the soft decision demodulated data are 



generated according to the phase of the received signal and 
the p-multiplied value of the power, and the input into the 
Viterbi decoder 6 (see Fig. 8B) is a soft decision value after 
deinterleaving . As a result, since the error correcting 
5 capability can be further improved , BER can be controlled lower . 

As mentioned above, according to the present invention, 
the demodulator, in which the output is a soft decision value 
so that the error correcting capability can be improved more 
than the case that a hard decision value is output, can be 

10 obtained. Moreover, since only the phase information of a 
received signal is used in the demodulating process, the 
structure of the demodulator can be simplified. 

Further, the output is a soft decision value so that 
BER can be controlled lower than that in the prior art, for 

15 example in the AWGN communication channel. 

According to the next invention, the demodulator, in 
which the soft decision demodulated data are generated/output 
based on the phase of a received signal and a power so that 
BER can be further improved and the error correcting capability 

20 can be improved greatly, can be obtained. 

Further, the output is a soft decision value which is 
generated by using the phase of a received signal and a power 
so that BER can be controlled lower than that of the prior 
art, for example in the AWGN communication channel. 

25 According to the next invention, since the soft decision 
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demodulated data are generated/output based on the phase of 
a received signal and the p-multiplied value of a power so 
that the error correcting capability can be improved further, 
the demodulator which is capable of further suppressing BER 
5 can be obtained. 

Further, the output is a soft decision value which is 
generated by using the phase of a received signal and the 
p-multiplied value of a power so that BER can be controlled 
lower than that of the prior art, for example in the AWGN 

10 communication channel. 

According to the next invention, the input into decoding 
unit is a soft decision value so that the receiver, which is 
capable of improving the error correcting capability more than 
the case that a hard decision value is inputted , can be obtained . 

15 According to the next invention, interleaving unit is 

provided and the input into the decoding unit is a soft decision 
value after interleaving so that the error correcting 
capability can be improved. As a result, the receiver which 
is capable of improving BER can be obtained. 

20 According to the next invention, the soft decision 

demodulated data are generated according to the phase of a 
received signal and a power and the input into the decoding 
unit is a soft decision value so that the error correcting 
capability can be further improved. As a result, the receiver 

25 which is capable of improving BER can be obtained. 




According to the next invention, the interleaving unit 
is provided and the soft decision demodulated data are generated 
according to the phase of a received signal and a power. 
Moreover, the input into the decoding unit is a soft decision 
5 value after interleaving so that the error correcting 
capability can be further improved. As a result, the receiver 
which is capable of reducing BER can be obtained. 

According to the next invention, the soft decision 
demodulated data are generated according to the phase of a 
10 received signal and the p-multiplied value of a power and the 
input into the decoding unit is a soft decision value so that 
the error correcting capability can be further improved. As 
a result, the receiver which is capable of reducing BER can 
be obtained. 

15 According to the next invention, the interleaving unit 

is provided and the soft decision demodulated data are generated 
according to the phase of a received signal and the p-multiplied 
value of the power . Moreover , the input into the decoding unit 
is a soft decision value after interleaving so that the error 

20 correcting capability can be further improved. As a result, 
the receiver which is capable of reducing BER can be obtained. 

According to the next invention, the input into the 
decoding unit in the receiver is a soft decision value so that 
the communication system, which is capable of improving the 

25 error correcting capability more than the case that a hard 



decision value is input, can be obtained. 

According to the next invention, first interleaving unit 
is provided in the transmitter and the second interleaving 
unit is provided in the receiver , and the input into the decoding 
5 unit is a soft decision value after interleaving . As a result , 
since the error correcting capability can be further improved, 
the communication system which is capable of reducing BER can 
be obtained. 

According to the next invention, in the receiver, the 
10 soft decision demodulated data are generated based on the phase 
of a received signal and a power, and the input into the decoding 
unit is a soft decision value so that the error correcting 
capability can be further improved. As a result, the 
communication system which is capable of reducing BER can be 
15 obtained. 

According to the next invention, the first interleaving 
unit is provided in the transmitter and the second interleaving 
unit is provided in the receiver, and the soft decision 
demodulated data are generated according to the phase of a 

20 received signal and the power. Moreover, the input into the 
decoding unit is a soft decision value after interleaving so 
that the error correcting capability can be further improved. 
As a result, the communication system which is capable of 
reducing BER can be obtained. 

25 According to the next invention, in the receiver, the 
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soft decision demodulated data are generated based on the phase 
of a received signal and the p-multiplied value of a power, 
and the input into the decoding unit is a soft decision value 
so that the error correcting capability can be further improved . 
As a result, the communication system which is capable of 
reducing BER can be obtained. 

According to the next invention, the first interleaving 
unit is provided in the transmitter and the second interleaving 
unit is provided in the receiver, and the soft decision 
demodulated data are generated according to the phase of a 
received signal and the p-multiplied value of the power. 
Moreover, the input into the decoding unit is a soft decision 
value after interleaving so that the error correcting 
capability can be further improved. As a result, the 
communication system which is capable of reducing BER can be 
obtained. 

Although the invention has been described with respect 
to a specific embodiment for a complete and clear disclosure, 
the appended claims are not to be thus limited but are to be 
construed as embodying all modifications and alternative 
constructions that may occur to one skilled in the art which 
fairly fall within the basic teaching herein set forth. 



